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Abstract 
The 21st century marks the transformation of the global economy to what has been referred to, somewhat interchangeably, as the 
knowledge society, information age and new economy. Among the significant changes is the emerging nature of a new set of 
economic and social indicators which eventually capture the changes in structural transformation, technological advance, and 
competition in the job market. Undoubtedly, such changes in the have driven changes in skills required to compete effectively in 
today’s global economy. It could therefore argued that, given the rapid rate of change, the vast amount of information that need 
to be managed, and the influence of technology on life in general, students in the 21st century need to apply current skill sets, as 
well as developed new skills to cope and thrive in this changing society. In fulfilling all these aspirations, it is suggested that 
thinking skills that should be cultivated in the students are no longer confined to the traditional definition of critical and creative 
thinking. Obviously, the dimension of thinking should also encompass adaptability and managing complexity, self direction, 
curiosity, risk taking, higher order thinking and sound reasoning. Those skills are identified and emphasised based upon the 
premise that to grant success in the 21st century, students need to build upon themselves those thinking skills and arguably, their 
academic as well as workplace performance can be predicted by those skills. This paper will seminally discuss the conceptual 
definitions of 21st century thinking skills and suggests mechanisms of how those skills could be embedded into the existing 
science curriculum in Malaysia through standard setting approach so that what is envisaged in the curriculum is being 
implemented in the actual science teaching and learning processes.  
Keywords: Standard setting; 21st century  thinking  skills; science curriculum. 
1. Introduction: The Needs of the 21st Century Thinking  Skills 
The educational system in Malaysia has come a long way from being a diversified non-formal system to a unified 
formal and forward-looking system. This evolution has taken place within a complete historical and multi-racial 
context. At times the country’s educational goals and objectives have been just a pale imitation of the British school 
curriculum. The Razak Report (1956) provided a turning point in the history of the Malaysian educational system. 
Its recommendations became the catalyst to a comprehensive system of education designed to meet the current and 
future demands of a developing country where the overriding concern was to create a unified education for all 
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people regardless of race and creed.  Once unity among the population had been attained, and democratisation of 
education established, the next function of reform was to meet the demands of a newly independent country. As the 
nation progressed scientifically and technologically, there came a need to expand the vocational and technical 
education of the children. A second turning point in the educational system occurred in the 80s through the inception 
of the National Philosophy of Education, which stressed the importance of well-balanced citizens capable of 
contributing to the betterment of the country. New educational reform followed, the most significant of which was 
the integration of moral values across the curriculum that symbolised the re-emergence of Islamic influence across 
the curriculum. In 1993, five years after the implementation of the National Philosophy of Education, the third 
turning point occurred when the former Prime Minister, Tun Dr Mahathir Mohamad introduced his Vision 2020 
plan which was designed to lead Malaysia to be a fully developed nation by the year 2020. The drive to be 
innovative and forward looking and to be a contributor to scientific and technological advancement led to a 
curriculum which emphasized the shift towards the development of human capital equipped with critical and 
creative thinking capacities. 
Upon looking back on the historical panorama of science education in Malaysia, it could be inferred that science 
education in Malaysia has been evolved in three different phases. The first phase was highly dominated by 3R’s 
basic skills (Reading, wRiting and aRithmatics) or bahaviourist movement, which sweeping all over the globe in 
that era. In the late 70’s, in consonance with world wide science and technological  reform, the modern science 
programmes were introduced. In this new innovation, students were exposed with different paradigm of learning 
approches which satisfy the characteristics of cognitive science teaching and learning.  Finally, in the late 80’s, the 
science curriculum was further revised as part of the national curriculum reform which witnessing the introduction 
of the national integrated  curriculum, both at the primary and secondary levels. At this point, besides cognitive 
science, some elements of construtivism were injected in the science curriculum to ensure meaningful scientific 
acquisition on part of the learners themselves. Within these changing perspectives of science education curriculum 
approaches, it could be argued that science teaching has shifted from the absolutist tradition to the constructivist
tradition (Osman, 1995; Lee, 1992).  
In approaching the 21st century, the world scenario is mainly transformed by rapid science and technological 
advancement. Such situation has induced the Malaysian science curriculum to be constantly in a state of flux; 
continously expanding  for the critical mass of the population, besides fulfiling the demand of current science and 
technological advancement. Numerous govenmental incentives such as the Malaysian Science and Technology 
policy for the 21st century and Second National Science and Technology policy have been formulated to set 
direction and navigate changes of the science education programmes. Besides providing science learning 
environment which is conducive for critical and creative thinking inculcation, the teaching of science is now being 
conducted using  English as the medium of instruction. Technology was also immersed as part of the students’ life 
with the integration of  Information and Communication Technology (ICT) in science teaching and learning.  
Subsequent to that, the importance of the human capital development and the demand for skilled human resource, 
opportunities for skills advancement and lifelong learning has became one of the national missions to be realized in 
the Ninth Malaysia Plan (2006-2010). Tertiary and training institutions curriculum need to become more aligned 
with industry in meeting the demand of the new economy. In fulfilling all these aspirations, it is suggested that 
generic thinking skills that should be inculcated in the students are no longer confined to the traditional definition of 
critical and creative thinking (Beyer, 1988; Dewey, 1933; Ennis, 1991). Obviously, the dimension of thinking 
should also encompass core skills and competencies of the 21st century. Analysis of literature on the evolution of 
thinking found that one silver thread running through the major theories of thinking appears to be that the 
combination of reasoning, self-reflection or self regulation and personal beliefs as the main thrust of any thinking 
operations (Osman, 1999). However, in the current digital age era, students need to be equipped more than the 
ability to reason and make wise decision. What they require is inventive thinking skills, for them to be able to 
function effectively in today’s changing environment. Those skills are identified based upon the premise that to 
grant success in the 21st century, students need to build upon themselves those six dimension of inventive thinking 
and their academic as well as workplace performance can be predicted by their digital age skills (NCREL, 2003). 
This is the point of departure of the discussion which set its direction to identify and construct domain of 21st
century thinking skills to be acquired by the Malaysian children at the primary and secondary level. 
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2. 21st Century Thinking Skills: Conceptual Definition 
Extensive analysis of literature on core skills for the 21st century reveal that inventive thinking is always being 
considered within the context of rigorous academic standards and hence perceived by many as the bridge to 
authentic, intellectually challenging work by students. Detail segmentation of inventive thinking and its conceptual 
definitions are summarised as follow: 
y Adaptability and managing complexity
Refer to the ability to modify one’s thinking, attitudes, or behaviors to be better suited to current or future 
environments; and the ability to handle multiple goals, tasks, and inputs while understanding and adhering 
to constraints of time, resources, and systems (e.g. organizational, technological). Complexity, within 
today’s environment requires individuals to plan, think, design, and manage in new ways- taking into 
account contingencies, anticipating changes, and understanding interdependencies within systems. In doing 
so, resource management (time, space, materials) is increasingly required to execute a plan successfully.  
y  Self-direction  
Is defined as the ability to set goals related to learning, plan for the achievement of those goals, 
independently manage time and effort, and independently assess the quality of learning and any products 
that result from the learning experience. Because change occurs constantly in our information rich society, 
self-directed, continuous learning is no longer seen as an option for successful workers in the Digital Age. 
What is required is self-directed leaner who can anticipate these changes and is constantly upgrading his or 
her skill set is extremely valuable in the 21st century. 
y Curiosity 
Catalyse one’s desire to know or the spark of interest that leads to inquiry. Curiosity has never been more 
important than in this digital age of entrepreneurship, innovation, and accelerated change. This is due to the 
fact that students and workers were expected to follow explicit orders and procedures as well as adjusting 
and adapting to changing environments. Curiosity also fuels lifelong learning as it contributes to the quality 
of life and to the intellectual capital of the country. Additionally, students who are curious about the world 
around them have the intrinsic motivation to seek out answers to perplexing, complex questions. Today that 
propensity to maintain a high level of curiosity is truly an attribute. 
y Creativity  
Refer to the act of bringing something into existence that is genuinely new, original, and of value either 
personally (of significance only to the individual or organization) or culturally (adds significantly to a 
domain of culture as recognized by experts). Human social, emotional, and intellectual development has 
been driven by creativity. Today, the creative individual potentially has more to offer-and gain- from 
society, than ever before. Our knowledge-based age has shifted power from those who own raw physical 
materials to those who have intellectual capacity –the capacity to create and produce knowledge. At an 
economic level, creative, knowledge-producing individuals and organizations are highly likely to be 
economically solvent. At a personal level, the lives of persons who are personally creative can be richer, 
more interesting and possibly more fulfilled. In addition, technology has provided individuals and 
communities with the time to spend in creative pursuits, resulting in extraordinary extensions and 
extensions of domains as well as the establishment of new ones such as biotechnology etc.  
y Risk taking
Includes willingness to make mistakes, advocate unconventional or unpopular positions, or tackle 
extremely challenging problem without obvious solutions, such that one’s personal growth, integrity, or 
accomplishments are enhanced. The very nature of learning requires risk tasking. A small child would 
never learn to walk, talk, or socially interact without taking risks, experiencing successes and failure, and 
then monitoring and adjusting accordingly. Quantum leaps in learning, solving problems, inventing new 
products, and discovering new phenomena require risk taking. Risk tasking within the learning 
environment requires a willingness to think deeply about a subject or problem, share that thinking with 
others to hear their perspectives, listen to their critiques, and then build on those experiences toward a 
solution or solutions   Too often, students are engaged in learning activities that focus on the ‘right 
answers.’ Instead, students should be encouraged to engage in discussions about numerous approaches –
and potential solutions –to a problem. In order to take risks that lead to intellectual growth, students must 
be in environments that they perceive to be safe –places in which to share ideas, reflect on and discuss 
perspectives, and learn new things. Research shows that students learn more when they are engaged in 
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intellectually stimulating assignments where they engage in meaningful, intellectually stimulating work in 
which they construct knowledge.  
y Higher-order thinking and sound reasoning
Includes the cognitive processes of analysis, comparison, inference and interpretation, evaluation, and 
synthesis applied to a range of academic domains and problem-solving contexts.  “intellectual capabilities” 
as being critical to technological fluency, citing “engagement in sustained reasoning” and “expecting the 
unexpected” as two of the key elements that enable students to plan, design, execute, and evaluate a 
solution. All of these are critical aspects of higher-order thinking and sound reasoning. Higher-order 
thinking in the context of a fast-paced, knowledge-based society requires both divergent and convergent 
thinking. Divergent thinking uses the creativity to play “what if”, establishing multiple scenarios and ideas 
to consider as hypotheses. Convergent thinking enables students to use sound reasoning and common sense 
to analyze those possibilities to select the hypothesis with the most potential based on a set of criteria for 
expected outcomes.   
Based on the description given, it is therefore argued that 21st century science students should master the skills in 
order to equip themselves meeting the challenges of the 21st century and hence move from knowledge-society to 
conceptual society. In order to be successful in inculcating these skills, it is argued that three significant mechanisms 
are demanded. First, the public at large must acknowledge 21st century skills as essential to the education of today’s 
learner. Second, schools must embrace new designs for learning based on emerging research about how people 
learn, information processing, effective uses of technology and the 21st century skills in the context of rigorous 
academic content and third, policy makers must base school accountability on assessments that measure both 
academic achievement and 21st century skills.  
 3. Standard Setting, Performance Standards, and 21st Century Thinking Skills 
According to the Standards for Educational and psychological Testing, validity is the most fundamental 
consideration in developing and evaluating test. With that regard, standards define validity as “the degree to which 
evidence and theory support the interpretations of test scores entailed by the proposed uses of tests.” In his analysis 
of standard setting approaches widely used in education, Meara (2001) concludes that standard-setting methods can 
be classified in two ways, as either test centred or examinee centred. With the test-centred methods, attention is 
focused on test content by meticulously studying individual test items. Examinee centred methods, on the other 
hand, focus on the work of the examinees and students are then sorted into performance groups (i.e. Below Basic, 
Basic, Proficient and Advanced). The assessment practice that is currently implement in Malaysia witnessing the 
widely used of pass-fail decision. In this sense, standard setting applied can be described as the process of 
establishing a specified cut-point on a score scale, at or above which candidates pass or are accepted, below which 
candidates fail or are rejected (Cizek & Bunch, 2007).  Based on Meara (2001) classification, such approach of 
standard setting could be categorised as test-centred approach. Nevertheless, it is argued that for the 21st century 
skills to be successfully embedded into the science curriculum, assessment of students’ performance should be 
navigated towards examinee standard setting approach.   
 Critical analysis of literature related to standard setting in the examinee centred approach reveal that translating 
standards into the raw score scale is a complicated procedure. It is suggested that the following eleven steps should 
be carried out: i) choose a panel, ii) choose standard setting method, iii) prepare description of the performance 
categories, iv) train the panellist to use the method, v) compile item ratings or other data from the panellists, vi) 
conduct a panel discussion, vii) compile rating on second time, vii) compile panellists rating and average to obtain 
the performance standard, viii) present consequences data to panel, ix) revise (if necessary), and xi) compile 
technical documentation to support validity of the standard. It is apparent that one of the most challenging phases of 
standard setting approach is to prepare description of students’ performance or performance benchmark. Table 1 
underlines an excerpt of performance rubric for curiosity as defined earlier. As depicted in Table 1, preparation of 
such performance description is not an easy task as it is always assume to be. Performance indicators (criterion)
need to be established and considering the arbitrariness nature of criterion, series of brainstorming among the 
educators as well as students as stakeholders need to be conducted. Such procedure not only challenging, but vital in 
ensuring what is articulated in the curriculum is being assessed, as well as mechanism towards fair and humanising 
assessment of human capital in this 21st century.   
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Table 1. Excerpt of performance rubric for curiosity
    
Novelty Novices Basic Proficient Advanced 
Attitude towards 
scientific novelty  
Student reacts negatively 
to novel elements in the 
scientific environment  
Except in a few contexts, 
student reacts negatively to 
novel elements in the 
scientific environment 
With moderate prompting 
by teachers, parents etc, 
students react positively to 
novel elements in the 
scientific environment 
Students react positively to 
novel elements in the 
scientific environment, 
he/she spontaneously seeks 
out novelty or generate 
science related topics to 
learn about 
Ambiguity Novices Basic Proficient Advanced 
Attitude towards 
ambiguity or 
uncertainty in 
scientific 
situations  
Student is highly intolerant 
of uncertainty or ambiguity 
as evidenced by his/her 
discomfort or anxiety in 
scientific ambiguous 
situations   
Except in a few contexts, 
student reacts negatively to 
uncertainty or ambiguity 
Student is tolerant of 
ambiguity and uncertainty 
but does not go out of 
his/her way to create or 
seek ambiguous situations 
Student is highly tolerant of 
ambiguity and uncertainty, 
and seeks ambiguous 
situations to enhance 
learning
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